Abstract -A quality assurance (QA) and quality control (QC) programme was applied to the personal monitoring department (TLD based) of the Greek Atomic Energy Commission (GAEC). This programme was designed according to the recommendations of international bodies such as the International Organization for Standardization (ISO), the International Electrotechnical Commission (IEC), the International Atomic Energy Agency (IAEA) and the European Commission (CEC). This paper deals with the presentation of the QA/QC programme which includes administrative data and information, technical checking of the equipment, acceptance tests of new equipment and dosemeters, issuing and processing of the dosemeters, dose evaluation, record keeping and reporting, traceability and reproducibility, handling of complaints, internal reviews and external audits.
INTRODUCTION
The Personal Dosimetry Department of the Greek Atomic Energy Commission is the central dosimetry service of the country, which assures the individual monitoring on a monthly basis of about 8000 workers in 850 establishments and maintains the National Dose Registry and Information System. A project for upgrading the personal dosimetry department was started in 1998. In March 2000 film dosemeters began to be gradually replaced by TLDs, the latter becoming the only official dosemeter a year later. The equipment being used as well as the technical evaluation of the system have been presented recently (1) . In order to maintain quality and ensure compliance with regulations and international recommendations, a quality assurance culture has been introduced into the department and quality requirements have been developed and implemented in the daily work through the establishment of a quality assurance and quality control (QA/QC) programme (2, 3, 4) . The design of the QA/QC programme is based on the criteria contained in the ISO (5, 6, 7) , on the recommendations of the IEC (8) , CEC (9) and IAEA (10) , as well as on regulations of the National Accreditation Council.
The present study deals with the structure of the department's quality assurance and control programme and includes documentation, organisational and managerial aspects as well as the procedures that are implemented. The experience gained during the first year of use of the QA/QC programme is also discussed.
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Documentation and records
The structure of the documentation of the QA/QC programme follows step by step the corresponding main procedures, starting from issuing the dosemeters to the reporting of the results, comprising six parts as follows:
(i) The GAEC's quality policy, the management policy statement, the quality requirements and dosimetric principles. (ii) The organisational and managerial aspects, such as the organisational structure of the GAEC and the Personal Dosimetry Department (legal status, tasks and organisation chart), the description and the tasks of each working position and the relevant qualification required. (iii) The description of all the procedures followed, answering questions dealing with what, how, who and when, always complying with the quality policy; the demands of the standards, referring to procedures manuals, to international or national recommendations, to legislation, directives and records. (iv) The procedures manuals, describing in detail the measurement methods, the use, calibration, maintenance and quality control of the equipment, the receipt and issue of dosemeters, dose record keeping etc. (v) The records, in printed form, electronic files or tables, completed by staff during the various procedures. These data constitute the basis for the evaluation of the procedure and the application of corrective actions. They also prove the efficiency of the quality programme and the compliance of the measurements with the predefined demands. (vi) The legislation and standards used or referred to. The documents are coded in a unique way with a code containing four parts, with letters and numbers (indicating the department's code, the type of document, the relevant part and a serial number), and are stored in a special place. The quality manager checks the documents and distributes the final versions to staff. The documents, data, printed forms, electronic files, manual procedures etc., referring to the next paragraphs are stored in a special place in the department under the responsibility of the technical supervisor.
Organisational structure and management
The organisational structures of GAEC and of the Personal Dosimetry Department appear in an organisation chart. The head of the department who reports to the GAEC's president, has overall responsibility for the department and assures the credibility of the measurements. The quality assurance manager has responsibility for the quality programme. The technical supervisor has responsibility for all technical issues.
Staff members follow training and on-the-job training programmes; 4 weeks' on-the-job training is provided to newly employed staff. The quality assurance manager evaluates the technicians through special test conditions and blind tests.
Safety and ambient conditions
The access to GAEC's premises is controlled. Special procedures apply in the case of fire or emergencies. The humidity and the ambient temperature, which ranges between 20 and 25°C, are recorded permanently.
Quality audit and quality programme review
GAEC's quality council (heads of all the departments and quality managers) evaluates the quality programme twice a year. If deficiencies are found, the planned corrective measures are taken. Complaints, feedback from customers and corrective measures are also discussed. Internal reviews are scheduled twice a year, with the participation of all members of the dosimetry department. The National Accreditation Council performs compulsory external audits.
Complaints
Staff members might receive customers' complaints by letter or phone call. They inform the quality manager who investigates the complaint, decides if corrective action must be taken, informs the customer and examines if other customers are affected by the same problem.
Deviations
Deviations from the criteria of the QA/QC programme might appear after checking the results of calibrations, intercomparisons, blind tests, maintenance, internal inspections, quality audits, etc. In such cases, staff inform the quality manager who informs the head of the department, stops the procedures, isolates the equipment, investigates the causes, informs the customers concerned, finds the solution and continues with the procedures.
Corrective actions
Corrective actions may result from proposals made by the administration or staff, or may be based on customers' complaints, analysis of quality control data, internal inspections or findings of quality audits. The quality manager and the technical supervisor investigate the reasons and propose the corrective action to be taken. After approval by the head of the department the technical supervisor defines a time period needed for the completion of the action. The quality manager follows the action, verifies the results and introduces it in the QA/QC programme.
Traceability and reproducibility
System calibrations are performed under specified conditions (10) in the GAEC's Secondary Standard Dosimetry Laboratory (SSDL), using a 137 Cs source. The thermometers used for the quality control of the ovens, the ambient thermometers and the thermographic equipment are calibrated in accredited laboratories.
All records relating to the evaluation of dosemeters are maintained in such a way that doses can be recalculated at a later stage if needed.
Intercomparisons and blind tests
The Department is strongly encouraged to participate in European and other international intercomparisons when announced. In-field intercomparisons are performed by the Medical Physics Department of the University of Ioannina. The quality assurance manager performs blind tests every month; after irradiation, the quality assurance manager introduces two dosemeters into the monthly bulk of customers' dosemeters. In Figure 1 the results of the control dosemeters and blind tests are presented, together with the results of the recent IAEA intercomparison exercise (11) .
Quality specification and acceptance of the equipment
For TLDs, type and quality control checks are carried out according to described standards (7, 8) . Dosemeter code numbers are checked and batches are formed upon receipt. For TLD readers, performance characteristics specified by the manufacturer are checked (2) . Routine quality control checks are performed according to described standards (7, 8) . Acceptance tests are performed for computers, and maintenance, software, database integrity and upgrades are assured either by the manufacturer or by GAEC's computer engineers. Performance characteristics of other equipment are checked.
Calibrations
Before issuing dosemeters for the first time, their background signal and individual sensitivity calibration factor for each pellet are stored in the system's database. These two parameters are used in the dose calculation algorithm. The dosemeters having sensitivity calibration factors closer to 1 (Ϯ2%) form the group of calibration dosemeters (with three sub-groups for the yearly, monthly and daily calibrations) and the group of quality control dosemeters. Each dosemeter is recalibrated after either 25 uses or when the total dose received exceeds 25 mSv for LiF or 14 mSv for Li 2 B 4 O 7 .
There are three levels of system calibration. Every day the signal of each reader is normalised using a set of reference dosemeters irradiated in an automated irradiator with a 90 Sr/ 90 Y source. For the monthly calibration of the system, dosemeters are irradiated in the GAEC's SSDL under certain conditions (10) . Background and fading corrections are performed during the dose calculation. Once a year system calibration (signal to dose) is performed according to the software demands; the dosemeters used are also irradiated in the GAEC's SSDL.
Internal quality checks
Checks are performed periodically. For TLD readers the photomultiplier tube (PMT) dark current, the refer- 
.
ence light signal and the normalisation parameter ( Figure 2 ) are checked every day. These values, together with their pre-set action and rejection levels, are plotted on a graph placed beneath the readers, allowing staff to monitor the stability of the system. The calibration factor is defined every month and compared with previous values. These parameters are also checked after maintenance, intervention or any change in the system. The technical supervisor performs an overall check of the system (7, 8) once a year. Linearity, accuracy, precision and calibration factors are defined; the overall performance of the system is then evaluated (9) . Temperature checks are performed for ovens, thermometers and any thermographic equipment used.
Uncertainty analysis
The quality control includes an overall uncertainty (9) calculation for the measurement of H p (10) and H p (0.07) for the whole-body and wrist dosemeters (1) . The quality assurance manager repeats the uncertainty calculation when needed (e.g. after modification of the equipment or the characteristics of the materials, or when the results of the quality control differ from the previous results, etc).
Use, maintenance and repair of the equipment
A list of equipment contains the equipment's code number, name, type, serial number, position in the laboratory, date of receipt, conclusion of the quality check, existence of a manual, maintenance, calibration and authorised users. Some of this information is printed on stickers placed on each piece of equipment, together with the next maintenance and calibration date. An equipment logbook is kept. The technical supervisor is responsible for the maintenance performed by an authorised member of the staff.
Procedures describe the preventive and the corrective maintenance, referring to the instruments' manuals. Special forms for each piece of equipment contain the procedures for and frequency of the maintenance, the name and signature of the authorised person, and the dates of the maintenance.
A red sign is placed on each piece of equipment which is out of order. After repair, the technical supervisor checks the results of the quality control measurements and informs the quality assurance manager who decides about the re-use of the equipment.
Dosemeter measurement and dose calculation
The technical supervisor is responsible for the schedule of measurements. Internal checks of the equipment before each measurement include a check of the PMT noise, the reference light source signal, the PMT temperature, etc. There is a simultaneous display of heating profiles with pre-set limits, with the associated glow curves per readout. The measurements are automatically stopped whenever any of these limits are exceeded. The department's technical staff perform daily check measurements, check the glow curves and inform the technical supervisor in case of a deviation. In that case, the technical supervisor checks the results and calculates the dose if possible, otherwise he or she informs the quality manager or the head of the department. The technical supervisor checks the dosemeters that must be annealed, recalibrated or isolated.
The dose calculation includes fading, background and energy correction. A file containing the dose results expressed in H p (10)/H p (0.07) and the dosemeter numbers is forwarded to the mainframe computer where the dose registry information system resides. 
Quality assurance in issue, receipt and storage of dosemeters
Dosemeters are stored in a locked place under stable climatic conditions. Dosemeters are shipped by the postal service. The issued dosemeters are accompanied by lists indicating the issuing period, the name and the code of the establishment, the workers' names in alphabetical order and the corresponding dosemeter code. On the reverse side of these lists are printed detailed instructions of how to use and store dosemeters, how to handle the new entries and information on dosimetric principles, dose limits, billing, etc. When receiving the dosemeters, contamination checks are performed on a special table using a survey meter. The quality manager contacts the radiation protection officer of the establishments in the case of a contaminated or damaged dosemeter, or a spurious dose result. A list of persons with high dose results is transmitted to the GAEC's inspectors. Before measurement, dosemeters are classified according to the corresponding period of issue in order to apply different calibration factors.
Quality assurance in dose reporting
Dose reporting is performed on a monthly basis. The reporting lists contain the name and the code of the establishments, the names of the workers, dose results expressed in H p (10) or H p (0.07) and the total dose received during the current year. Every March all customers receive a list with the summary of the annual doses (for the previous calendar year) and the total dose of the workers monitored in more than one establishment. Lifetime doses are available upon request by the monitored persons, radiation protection officers and medical doctors. 
Quality assurance in dose record keeping
The information contained in the National Dose Registry Information System complies with existing recommendations (9) . The back-up of the database is performed once a week in a second mainframe computer and every day on digital audio tape (DAT). Back-up of measurements (glow curves, temperature profiles, reader functioning parameters, reader calibration factors), is performed daily on a second personal computer. Every month, the glow curves and the characteristics of all the evaluated dosemeters (including the calibration and quality control dosemeters) are stored on a CD-ROM together with the issuing lists and dose results. DATs and CD-ROMs are stored in the GAEC's safe located in another part of the building.
DISCUSSION AND CONCLUSION
The primary objectives of an individual monitoring service and the need to introduce a QA/QC programme in a large-scale service have been already discussed by other authors (2) . In order to accomplish these objectives, a QA/QC programme has been introduced in GAEC together with the upgrade of the personal dosimetry service. Several difficulties were met during this process: the documentation of all procedures, change of some procedures followed for many years and the need to record everything with consequent additional administrative workload were some of these. However, the advantage of having all procedures and procedure manuals documented, of having data recorded and stored in an exact order and of being able to present to customers proofs for the given results, compensated for the additional work required and justified the introduction and maintenance of a QA/QC programme.
During a single year, 11 complaints from our customers and 23 deviations have been recorded, leading to the application of 5 corrective actions and to the modification of 4 procedures.
Our QA/QC programme evolves and becomes better, more flexible and more efficient with every day's work and the personnel become more able to use it and to realise its benefits.
